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Introducción: En los últimos años, se ha incrementado 
la atención a la presencia de “contaminantes 
emergentes” en aguas residuales urbanas, industriales y 
cuerpos de agua superficial. En la mayoría de los casos, 
estas sustancias, corresponden a contaminantes que aún 
no ha sido reglamentados a nivel nacional por las 
autoridades ambientales. Los hospitales son 
considerados como la mayor fuente de estos 
compuestos, resultado de diferentes actividades. No 
existe en la actualidad un consenso sobre cuál o cuáles 
son los tratamientos adecuados para tratar las aguas 
residuales que contienen estos compuestos. En general, 
los procesos biológicos convencionales por sí solos no 
alcanzan a cumplir con los valores de los límites de 
descarga, siendo necesario aplicar postratamientos 
como los procesos de oxidación avanzada (POA), 
conocidos como una tecnología apropiada no sólo por 
aumentar la biodegradabilidad de los compuestos 
recalcitrantes, sino también por contribuir con la 
remoción de ciertas sustancias que son difíciles de tratar 
en un proceso biológico.  
Objetivo: Por tal razón, en este estudio se evaluó la 
aplicación de Ozono (O3) y O3/H2O2 al efluente de un 
reactor anaerobio de flujo horizontal y biomasa 
inmovilizada (RAFABI).    
Metodología: Los oxidantes fueron aplicados en un 
reactor de vidrio de borosilicato tipo batch en escala de 
laboratorio. El tiempo de reacción fue de 60 min y se 
tomaron muestras a intervalos de 15 min. Para evaluar 
el desempeño del tratamiento se midieron parámetros 
tales como la absorbancia a una longitud de onda de 
UV254, la relación de biodegradabilidad expresada como 
DQO/DBO5, y el color como VIS436. Todas las muestras 
fueron analizadas por duplicado. 
Resultados: Los resultados mostraron que la aplicación 
de O3 y O3/H2O2 produjeron un incremento en la 
biodegradabilidad del 25% y del 67% respectivamente.  
En relación con el color, se observó una eficiencia del 
85 % para el Ozono y el 100 % para el O3/H2O2.  
Adicionalmente, los dos POA aplicados también 
mostraron ser efectivos para remover orgánicos 
aromáticos medidos como UV254, para lo cual se 
obtuvieron remociones entre el 40 y 50% de UV254.   
Conclusiones: Finalmente, es importante mencionar 
que la aplicación de procesos de oxidación avanzada 
como postratamiento de efluentes anaerobios, aumentan 
la biodegradabilidad principalmente por la 
transformación que sufren los compuestos 
recalcitrantes. 
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Introduction: In recent years, the "emerging pollutants" 
in urban, industrial, and surface water bodies have called 
the attention worldwide.  In many cases, these 
substances correspond to pollutants that have not been 
yet regulated by the environmental authorities. Hospitals 
are considered the main source of these contaminants as 
a result of different activities.  However, there is no 
consensus about the appropriate treatments for 
removing this kind of pollutants in the wastewaters; 
independent conventional biological processes do not 
reach the desirable values of discharge limits. Advanced 
oxidation processes (AOP) are known as an appropriate 
technology, not only to improve the biodegradability of 
recalcitrant compounds, but also to contribute to the 
removal of certain substances that are difficult to treat 
during the biological process.    
Objective: Thus, this study evaluated the application of 
O3z and O3 /H2O2 to the effluent of an anaerobic 
horizontal flow reactor and immobilized biomass 
(HAIB).  
Methodology: The oxidizers were applied in a lab-scale 
batch borosilicate glass reactor. The reaction time was 
60 min and samples were taken at intervals of 15 min. 
Parameters such as absorbance at UV254, 
biodegradability ratio expressed as COD/BOD5, and 
color as VIS436 were measured. All samples were 
analyzed in duplicate. 
Results. The results showed that the application of 
Ozone and O3/H2O2 results in an increase in the 
biodegradability of 25% and 67% respectively. 
Concerning color, an efficiency of 85 % for Ozone and 
100 % for O3 /H2O2 was observed. Besides, the AOPs 
applied also showed their effectiveness in removing 
aromatic organics, removing 40 to 50% of UV254.  
Conclusions: Finally, it is important to mention that the 
application of advanced oxidation processes as a post-
treatment of anaerobic effluents increases 
biodegradability mainly due to the transformation 
suffered by recalcitrant compounds. 
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I. INTRODUCTION  
Hospital wastewater contains a wide variety of toxic 
and persistent substances, such as pharmaceutical 
residuals, radionucleidos solvents, and disinfectants 
generated by laboratory activities, research, and 
excretion of medicines in patients. Most of these 
compounds belong to the group called "emerging 
compounds". The difficulty in removing these 
contaminants, especially the pharmaceutical residues, is 
because their concentration ranges are low (e.g. 10-3 – 
10-6 mg.L-1) compared to macrocontaminant 
concentrations (e.g. nitrogen, phosphorus, COD). Also, 
the behavior of these substances is affected by the 
treatment systems, because of changes in their physical 
properties, such as solubility, volatility, 
biodegradability, polarity, and stability.  
Accordingly, the presence of pharmaceutical waste in 
natural water bodies because of hospital effluents is a 
serious environmental problem. These compounds are 
extremely resistant to biological degradation and usually 
they escape intact from conventional treatment systems, 
what provoke adverse effects in humans and other living 
organisms. Due to the identification of these dissolved 
pollutants require sophisticated methods, the academy is 
dedicated to develop new analytical techniques. Also, 
several studies are focused to analyze the toxic effects 
of these emerging pollutants, their degradation and/or 
transformation using non-biological treatment 
technologies, such as the advanced oxidation processes 
[1]. 
 
These emerging contaminants are not fully regulated, 
turning them into ideal candidates to analyze their effect 
on human-environment health, occurrence in water 
treatment systems, and final destination into the 
environment. Despite they do not persist for a long time 
in the environment, their discharge into to the soil or 
water is constant [2]. 
 
The COVID-19 pandemic has generated special 
attention in the scientific community mainly for the 
development of the concept “Wastewater-based 
epidemiology” (WBE). This definition permits the 
identification of the sources of contagion before the 
traditional tests in the health centers. As a consequence, 
the  technologies for hospital wastewater treatment have 
also become an object of study, to preserve and protect 
the environment, improve the sanitation and ensure a 
clean and safe water for a wide range of activities, in line 
with the United Nations Sustainable Development Goals 
[1]. 
 
Considering that the COVID-19 pandemic has 
increased the use of medicines [3], [4], [5] the receiving 
waters are more exposed to a rise of the concentrations 
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of these emerging pollutants. In this sense, the current 
concern is: what would be the appropriate treatments in 
the hospital centers to reduce the emerging compounds, 
especially those that are resistant to antibiotics? In an 
extensive review of new approaches and perspectives in 
the management of HWW, [2] highlights that combining 
HWW with Urban Wastewaters (UWW) is not 
appropriate. However, this practice can be considered as 
a mitigation measure for countries like India, Colombia, 
Nepal, Pakistan, where the wastewater discharge 
directly without treatment remains. 
 
 
Biological processes are a limited option for the 
removal of recalcitrant compounds present in Hospital 
Wastewater [6]. Therefore, the application of Advanced 
Oxidation Processes (AOPs) such as a post-treatment 
could be considered a viable option to improve the 
physical-chemical quality of the system's effluents, that 
could prevent the discharge of emerging pollutants to 
receiving sources [7]. 
 
According to [8], AOPs are defined as a series of 
oxidation processes that might generate hydroxyl 
radicals (OH•) in sufficient quantity to improve the 
water treatment. The first POA was discovered by 
Fenton in 1894 [9], since then, numerous chemical and 
non-chemical processes have been developed to produce 
hydroxyl radicals. Hydroxyl radical (OH•) is an agent 
with high oxidation power, short lifetime, which attacks 
not selectively several organic molecules, with constant 
velocities in the range of 106 – 109 M-1 s-1 [10]; [9]; [11]. 
Its oxidation potential is higher than other oxidants 
including O3 and hydrogen peroxide [12]. 
 
Ozone is an agent with high oxidation potential, 
capable of participating in many reactions of organic and 
inorganic compounds. Among the oxidizing agents, 
Ozone is only overcome by fluoride and hydroxyl 
radical. The chemistry of ozonation is complex and is 
characterized by the action of two mechanisms: direct 
reaction, with dissolved molecular Ozone,  and indirect 
reaction with radical species (OH•), formed when Ozone 
decomposes in water [13];[14]. The combination of the 
two mechanisms in the removal of substances depends 
on their nature, the pH of the medium, and the applied 
dosage of Ozone [15]. 
 
The Ozone power can be improved in the presence of 
hydrogen peroxide and UV irradiation, metal cations 
such as ferrous and ferrous ions, alumina, or catalysts 
such as titanium dioxide [16]; [17]. The decomposition 
of O3 is influenced by pH, temperature, UV radiation, 
concentration, and presence of inhibitors [13]. 
According to [11], if the operating pH is higher than the 
pK value of the compound when the compound is not in 
a molecular state, the probability of an increment of 
speed degradation will decrease.  [18] performed a wide 
review of combined processes, who included biological 
processes and chemical oxidation. The study indicated 
that apparently oxidation with Ozone at high pH is 
faster, with a high efficiency of the process when pH is 
neutral, a fact observed due to the amount of Ozone 
needed to oxidize organic molecules. The research 
emphasized that the aforementioned behavior is 
favorable during the combination of Ozone and 
biological processes, then it would not require 
modifying the pH between these two processes. 
 
The O3 application in wastewater treatment has been 
used as an alternative to help the degradation of those 
compounds that are not eliminated in conventional 
treatments. The Ozone application does not produce 
odors and does not generate non-toxic residual elements 
such as the O2 y H2O. Furthermore, Ozone is easily 
produced by electrical discharge over a volume of air. 
Ozone can transform dissolved pollutants in water 
samples into simpler compounds [19]. 
 
Hydrogen peroxide (H2O2) is considered a versatile 
oxidant, superior to chlorine, chlorine dioxide, and 
potassium permanganate. Weak, colorless acid with pKa 
value from 11.75 K to 293 K, molar absorption 
coefficient from 19.6 M-1 cm-1 to 253.7 nm. The density 
of a 35% hydrogen peroxide solution is 1,113 kg/m3 at 
293 K and the value of the Henry constant is 1 Pa. L. 
mol-1 [20]. As hydrogen peroxide applied alone is not 
the ideal oxidant for various organic compounds, it is 
recommended to combine it with other substances such 
as metal salts and Ozone or UV irradiation.  
 
The integration of advanced oxidation processes with 
biological processes is recognized by the reduction of 
recalcitrant compounds in wastewater. For example, 
Jeworski [21] reviewing 58 studies, mostly on a bench 
scale, identified 4 types of wastewater, depending on the 
type of contaminant present, which could be treated 
through integrated processes: (a) with high 
concentrations of recalcitrant compounds; (b) with good 
biodegradability and low concentrations of recalcitrant 
compounds; (c) containing inhibitory compounds and 
(d) containing recalcitrant compounds and inhibitors at 
intermediate levels. The effect of process integration is 
based on increasing the biodegradability of the 
compounds studied by the application of AOPs in cases 
(a), (c), and (d). For case (b) the purpose is to improve 
the water quality of biological effluents [22].  
 
According to Bijan and Mohseni [23],  it is 
recommended to remove the initial fraction of Low 
Molar Mass (LMW) in a biological treatment before the 
INGE CUC, Vol. 17, No. 2, Julio – Diciembre, 2021 (IN PRESS) 
 
© The author; licensee Universidad de la Costa - CUC. 
INGE CUC vol. 17. No. 2, Julio - Diciembre, 2021. 





application of Ozone. Thus, one can have an increase in 
the reduction of the recalcitrant part of high molar mass 
(HMW) when the oxidant is applied. In this sense, this 
study evaluates the application of O3 and O3 / H2O2 to 
treat the effluent of a Horizontal-Flow Anaerobic 
Immobilized Biomass (HAIB), without adjustment of 
the pH. 
 
II. MATERIAL AND METHODS 
 
Hospital wastewater (HWW) 
 
The HWW was obtained from a University hospital 
located in Bogotá city (Colombia). The sample comes 
from different medical activities such as surgical 
interventions, outpatient consultations, laboratories, 
excretion of patients, general services (cleaning and 
disinfection), research, and teaching activities.  The 
HWW was collected from the Parshall flume placed at 
the entrance of the wastewater treatment.  This 
wastewater was treated in an a HAIB reactor at bench-
scale  
 
The HWW was collected twice per week during 2019. 
As received, the samples were preserved and stored at 4 
°C and fully characterized by total suspended solids 
(SST), Total dissolved solids (SDT), total solids (ST), 
alkalinity, Color (VIS436), UV254, sulfates, phosphates, 
nitrogen (TKN), COD, BOD5, and pH according to the 
methods described by [24]  and [25].  
 
A. Experimental design and analytical 
determinations 
 
The effluent from the HAIB reactor was subjected to 
Ozone and O3/H2O2 tests without prior pH adjustment. 
The pH of the HAIB reactor effluent was close to 7.7. 
With the purpose of identifying chromophore 
compounds with conjugated double bonds, responsible 
for the color of these effluents, was measured the 
absorbance at wavelength of  254 nm. [26], [27], [25].  
 
For these measurements, the samples were filtered in 
Millipore membrane, cellulose acetate, with 0.45μm 
pore, and diluted to reach absorbance values of up to 0.9 
cm-1. The HACH UV-VIS DR 5000 spectrophotometer 
and quartz buckets of optical length of 1.00cm were 
used.   
 
Each experiment was repeated five times for each 
AOP treatment. An ANOVA test was applied with a 
significance level of p < 0.05, to determine the statistical 
influence between the applied treatments. To determine 
the effect over biodegradability were evaluated the ratio 
COD/BOD5.  The parameters evaluated were pH, COD, 
BOD5, UV254,  Color as absorbance at a wavelength of 
436 nm (VIS436), and total alkalinity [24]. All analyses 
were performed in duplicate and were reported as 
average values.   
 
B. O3 and O3/H2O2 applications 
O3 and O3/UV H2O2 experiments were conducted in a 
bench-scale reactor made of a cylindrical tube of bore-
silicate glass with an external tube diameter of 100 mm, 
internal tube diameter of 60 mm, a height of 54 cm, 
resulting in a net volume of 1.200 mL. Ozone was 
provided by a Microzone generator (Clearwater Tech, 
LLC ) with a top production of 233  mgO3/h. The gas 
was injected at the bottom of the reactor using a fine 
bubble plate diffuser of 200 mesh. The not-consumed 
Ozone in the column was transferred to a separate flask-
containing potassium iodide solution at 2%.  
For O3 / H2O2, an effective dose of H2O2 of 150 mg/L 
was applied in accordance with the recommendations of 
[8]. The determination of H2O2 residual was measured 
using test strips Quantofix with a range of 0.5- 25 mg/L 
de H2O2.  The reaction of the chemical process was 
stopped by adding to each sample an amount of sodium 
sulfite determined by stoichiometry according to [28].  
For every experiment, the treated volume was 1000 
mL, then, the reaction time for Ozone was 60 minutes 
and the samples were taken at intervals of 15 minutes. 
The schematic diagram of the bench-scale oxidation 














Figure 1. Experimental setup of the AOP application. (1) 
Oxygen separator, (2) Microzone generator, (3) Ozone 
disperser, (4) Ozone reactor, (5) Exhaust gas line, (6) 
Flask with Iodine Solution (2%), (C) Sampling point. 
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III. RESULTS AND DISCUSSION. 
 
A. Characterization of HWW treated in the 
HAIB reactor. 
The Table 2 shows the main characteristics of the 
hospital wastewater treated in the HAIB reactor. It can 
be seen that the values did not differ significantly from 
each other, therefore, the quality of the effluent kept 
stable during the study period, an aspect that facilitated 
the comparison of the tests carried out applying the 
AOP. 
 
Table 2. Characteristics of the effluent from the 
immobilized biomass anaerobic reactor.  
Parameter Unit Mean ± S.D 
pH  7.7 ± 0.3 
COLOR 
(VIS436) 
cm-1 0.02   ± 0.004 
UV254 cm-1 0.25 ± 0.03 
COD mg/L 43  ± 21 
BOD5 mg/L 8  ± 2 




192 ± 59 
Estándar deviation (SD)                        n=5 
  
During the application of the biological process 
(HAIB), easily degradable compounds are eliminated, 
while recalcitrant compounds are still present in the 
effluent because they are difficult to break down by the 
microorganism. As a result, the ratio (COD/BOD5) was 
superior to 4, and the value of pH was 7.7 ± 0.3 in the 
effluent of the HAIB reactor.  
 
It is worth mentioning that, as the interest of this 
research is the removal of recalcitrant compounds 
through the integration of anaerobic processes and 
advanced oxidation, the objective of the use of HAIB 
was the removal of the biodegradable fraction present in 
this type of effluent and probably some fraction of 
recalcitrant organic matter. Thus, the application of the 
AOPs would have as its sole objective, the 
transformation of the recalcitrant organic fraction. 
The combination of anaerobic processes with 
advanced oxidation processes is a matter of interest to 
treat waters that contains emerging compounds. [29] in 
wastewater from the textile industry, found not only that 
this strategy reduced recalcitrant compounds but also 
removed the toxicity. These authors conclude that 
toxicity and mutagenicity assays are necessary and a 
complementary tool when these two processes are 
combined.  
 
[30] evaluated the effect of applying Ozone to the 
effluent of a system MBR equipped with ultrafiltration 
membranes, treating wastewater from a psychiatric 
hospital in Germany. Although they found optimal 
values for Ozone dose and contact time, 5 mgO3/L and 
12.8 min, respectively, a poor removal of dissolved 
organic carbon was obtained. This indicated that in this 
case the emerging pollutants were not completely 
removed and there was no good mineralization.  It is 
important to mention that similar studies in which 
Ozone and its combinations are applied to anaerobic 
effluents are scarce in the literature Punzi et al..[31]. 
 
B. Effect in the UV254 and Color. 
 
The UV254 is a measure of the organic matter that 
indicates the presence of aromatic and unsaturated 
compounds in the wastewater, which are precursors of 
trihalomethanes and other organochlorine compounds. 
In other words, the measure of the absorbance at a 
wavelength of 254 nm, indicates how aromatic is the 
carbon present in the water [25] 
 
Figure 2 shows the effect of applying Ozone 
(Condition 1) and O3/ H2O2 (Condition 2) on the natural 
organic matter, measure as UV254. Condition 1 shows a 
decrease in the absorbance as the Ozone dose increased. 
In minute 60, for an applied dose of 233 mgO3/L was 

































Figure. 2. Decay of absorbance at UV254 vs applied 
dose of ozone.  
 
This results are similar to the report of Bataller et al. 
[32], who studied the influence of Ozone application in 
the treatment of domestic wastewater, using the analysis 
of Chemical Oxygen Demand (COD) and UV254. These 
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authors conclude that increasing the applied dose of O3 
decreased the absorbance values at a wavelength of 254 
nm, derived from the reaction of molecular Ozone with 
the unsaturated and aromatic compounds present in the 
effluent. 
 
The condition 2 showed an irregular behavior in 15, 
30, and 45 minutes of reaction time, probably due to the 
intermediaries that are produced when the Ozone reacts 
with the hydrogen peroxide as mentioned by [33]. These 
intermediaries can absorb the light at the wavelength of 
254 nm and consequently altering the measure of UV254. 
[34], observed that, in high concentrations, the H2O2 
reacts with the intermediate oxotriperomolybdate, 
producing the intermediate tetraperoxomolybdate, 
which does not generate the O2, and during the reaction, 
it acts as an inhibitor.  
 
Finally, for an applied dose of 233 mgO3/L and 150 
mgH2O2/L, in a reaction time of 60 minutes, the removal 
of organic double bond compounds was 42%±15.05. 
Hence, it can be inferred that when the combination of 
O3/H2O2 is applied, the intermediaries play an important 
role that influences the selection of the optimal time of 
the reaction. However, in this experiment was not 
possible to verify precisely what intermediaries were 
formed because many organic compounds were 
absorbed in the UV254. 
 
 
As can be seen in Figure 3, the results of the two 
conditions studied were similar. From condition 1 at 15 
minutes of the reaction was observed a decrement of the 
color (VIS 436), resulting in a removal efficiency close to 
55% what correspond to an applied O3 dose of 58 
mgO3/L. 
 



































Figure. 3. Decay of Color vs applied dose of ozone. 
 
 
Moreover, for this condition at minute 60 and a dose 
of 233 mgO3/L, it was observed the maximum removal 
efficiency of ca. 95%.  Similarly, the condition 2 was 
obtained the higher efficiency with 60 minutes of the 
reaction of O3 combined with 150 mgH2O2/L. These 
results were similar to the findings of other studies [35] 
; [36];[26], what validated the results of this study 
regarding to the effectiveness of the performed 
treatments in the discoloration of the wastewater.  
 
The color measured as the absorbance value at 
wavelength 436 nm, is a clean, fast and complementary 
measure of the water quality monitoring [25]. The 
efficiency of color removal in conventional wastewater 
treatment is very low, therefore, it is necessary to apply 
treatments such as Advanced Oxidation Process, 
capable to break the double chain of the aromatic 
compounds. In particular, the AOPs are recognized to be 
proper for removing the precursors of the color that are 
generally associated with the presence of toxic and 
recalcitrant compounds [37]. 
 
 
[1] evaluate the effect of different AOPs based on 
Ozone, in an aqueous solution containing nine 
pharmaceutical compounds. The authors found that 
applying independently the Ozone was more efficient in 
the attenuation of the compounds than the application of 
combined O3 /H2O2. The dose of the applied Ozone was 
110 mg/L and H2O2 was 2.5 mg/L. Furthermore, was 
observed that the combination O3 /H2O2, is good but it 
is not economically viable, then, it is necessary to 
develop more studies especially evaluating the lifetime 
of Ozone, which disappears in the first minute of the 
reaction. Finally, this study also showed that the most 
effective biological pretreatment was the Membrane 
Bioreactor (MBR). 
 
Although this study did not evaluate the effect of 
applying the AOP based on Ozone as a disinfectant, it’s 
possible to state based on the cited research that hospital 
effluents till now are not properly disinfected and are 
contributing to the dissemination of antibiotic-resistant 
microorganisms. However, the application of oxidants 
as post-treatment of any technology can also contribute 
to the above-mentioned. [36], indicated that the current 
health emergency derived from the COVID-19 revealed 
the urgent need to investigate the disinfection of raw or 
treated wastewater in health centers.  
 
 
C. Effect on aerobic biodegradability 
 
The values of COD are related to BOD5 in proportions 
that vary according to the associated components with 
the organic matter. This ratio is important to determine 
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the type of water pollution and the biodegradability of 
the organic matter. [38]. 
 
The results showed that the Ozone application to the 
HAIB effluent had a positive effect on the 
biodegradability ratio, also, there was observed a 
decrease from 7.2 to 5.8 what pointed a rise of 25% in 
the biodegradability; this change is related to the COD 
by 29%. Qin et al.  [39], Gilbert [40] found that the effect 
of Ozone is manifested mainly as a result of the 
reduction in the COD and the decay in the BOD5  in an 
order between 60 and 70% respectively. [41] studied the 
effect of the application of Ozone on the 
biodegradability of waters from the petroleum industry, 
thorough the measure of ratio BOD5/COD. These 
authors concluded that the application of Ozone in the 
range of 0-100mg/L improves its biodegradability as a 
consequence of the decrease in COD when is close to 
50%. 
 
The O3/ H2O2 in our study showed a decrease of 
COD/BOD5 ratio from 4.1 to 2.4, then, the 
biodegradability increased by 67%. This response was a 
consequence of an BOD5 increment of 47%, with a 
concomitant decrease in COD close to 12%.  An 
explanation of the aforementioned would be that the 
organic matter did not fully degrade (ie. it does not 
mineralize), and just got transform into a more 
biodegradable state as established by other studies [42]. 
Therefore, the combination of these two oxidants (O3 + 
H2O2) provided the most efficient way for treating this 
kind of effluent, what generates a better-quality 
wastewater into the receiving sources. 
 
The present study focused on the post-treatment of the 
effluent from a HAIB reactor, then, for future research 
is important to perform a wide study that considers the 
associated biological process and the post-treatment 
with Ozone and O3 / H2O2. Also, it is necessary to 
include more parameters such as alkalinity, TOC, and 
heavy metals, for a better understanding of this kind of 
wastewater. In addition, an economic evaluation 
(cost/benefit) may be done to identify feasible 
engineering designs, considering that the cost using 
H2O2 could be high without an optimization study. 
 
The ANOVA analysis showed that for a significance 
level of p <0.05, the removal efficiency and the increase 
in biodegradability were not statistically significant 
between the treatments. However, it was observed that 
the combination of Ozone with Hydrogen Peroxide 
increased the biodegradability of this type of effluent in 





Independent Biological treatments are not sufficient 
to reduce the COD of anaerobically treated wastewater 
from the health care centers, what could limit the 
achievements of the Sustainable Development Goal 5 - 
10 (water and sanitation). The Advanced Oxidation 
Processes (AOPs) based on Ozone and O3 / H2O2 
treatments are alternatives that can reduce the toxic 
content of recalcitrant compounds, improving the 
quality of the effluent and mitigating the impact over the 
human health and the environment due to untreated 
discharges. 
 
This study showed that the synergy produced between 
O3/H2O2 generated an improvement on the 
biodegradability of 67%, better than the 42% of 
biodegradability reached by the independent Ozone 
treatment. The results of the aromatic organic content 
measured as the absorbance at UV254 was similar in the 
two analyzed conditions. The application of AOP based 
on ozone demonstrated the effectiveness in the 
discoloration of the hospital wastewaters. Further 
studies are needed which consider variations of the pH 
of effluent during the biological treatment, and the dose 
of the oxidants applied to determine the optimal 
conditions.  
Finally, due to the nature of the hospital wastewater 
and the possibility that by-products (more dangerous 
than the originals) could be produced during the 
application of the oxidative processes, it is essential to 
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